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Description 



[Light-Weight Code-Zero Headsail 

System] 

Background of Invention 

[0001] Furling systems for the jibs and other headsails of sail- 
boats are well known and widely used. The most common 
of these furling systems involves three basic components: 
(1) a luff extrusion, which runs along the forestay of the 
boat, and which holds the luff of the sail; (2) a drum or 
wheel mounted on the bow of the sailboat, used to "wind 
up" the sail about the extrusion; and (3) a swivel bearing 
mount which can slide along the top of the extrusion, and 
which allows the halyard to hold the sail up while permit- 
ting the extrusion to rotate at its top end relative to the 
forestay. 

[0002] Thj S prior art embodiment may be seen in Figure 2. The 
tabling of the luff 16 of the jibl4 is sewn around and 
seized to the luff rope 1. The drum 26 rotatably attaches 
the bottom of the extrusion to the bow 30 of the boat. At 



the top of the extrusion the swivel 24 allows the luff wire 
or rope to rotate with respect to the halyard 12, which is 
directed through the masthead 88, and then back toward 
the deck of the boat. 
[0003] Recent innovations in sail design have included the so- 
called "Code Zero" asymmetric headsail. The code zero is 
a free-flying sail, useful at apparent wind angles of be- 
tween 40 and 65 degrees APP (apparent wind angle). 
These sails fill a niche between the Genoa jib and spin- 
naker, and have become popular with cruising sailors as 
well as racers. 

[0004] Code zero sails generally contain their own furling sys- 
tems, known as Code Zero Furlers, since Code Zero sails 
may be repeatedly set and struck during a single sail or 
race. Figure 1 shows a typical prior art Code Zero Furler. 
These furlers differ from the older prior-art furlers in that 
they do not use luff extrusions, but rather use a luff wire, 
sewn into the luff of the sail in place of the extrusion. Be- 
cause the luff wire does not have the torsional stiffness of 
the extrusion, Code Zero luff systems are not generally 
used as reefing systems. That is to say, these furlers are 
used either with the sail flying, completely unwound from 
the luff rope, or completely furled, with no sail area ex- 



posed. 

[0005] The prior art Code Zero Furler may be understood by first 
referring to Figure 1. A luff wire 9 is sewn into the luff of 
jib 1. At the lower end, or "tack" of the jib the luff wire is 
terminated with a lower eye 3, which is then affixed to 
furler wheel 2. At the upper end, or "head" of the jib the 
luff wire terminates in an upper eye 5, which is affixed, in 
turn to upper swivel 5, which in turn attaches to fitting 7. 
In many systems, the swivel is permanently affixed to the 
head of the jib, and the furler wheel is permanently af- 
fixed to the tack of the jib. When multiple headsails of this 
type are used, each contains its own swivels and furler 
wheels or drums, and these are generally of much smaller 
size and lighter weight than other types of prior art 
swivels and furler wheels. 

[0006] Although Figure 1 shows only a single headsail for the 

purpose of illustrating the principle, in practice Code Zero 
sails are often flown while another headsail is present, ei- 
ther flying or furled. 

[0007] The use of a luff wire is dictated by the generally high- 
tension loads placed on the luff of the Code Zero head- 
sails. The object of this feature is to reduce the sag of the 
forestay. These loads result from the large sail areas of 



these sails, from the full cut of the sails, and from the fact 
that these sails are usually mast-headed sails, running up 
to the very top of the mast 6, adding to the size of the 
sail. 

[0008] The use of wire in the luff causes a number of problems, 
however. First, the wire is heavy, and awkward to handle. 
It does not bend easily and so the sail cannot be easily 
folded into a standard sail bag for storage. 

[0009] a final problem involves the use of this Zero Code furling 
system for reefing the sail. Reefing differs from furling in 
that the former provides a reduced sail area under high 
wind conditions, where it is desirable to keep Zero Code 
sail aloft, but with the sail area reduced. 

[0010] However, the steel cable does not have sufficient torsional 
stiffness to allow for reefing under high wind conditions. 
The foot of the sail, being subjected to higher tension due 
to the larger sail area at the foot, will twist the luff cable 
more than the head of the sail, leading to unacceptable 
sail deformation. However the present invention provides 
for the use of a lightweight rope of a much greater diame- 
ter than the heavier steel cable, so that a much thicker, 
and therefore stiffer rope cable can be used, with the pos- 
sibility of reefing as well as furling. 



[0011] a second departure of the present system involves the use 
of a novel furling drum, which contains a stop to take the 
pressure off the ball bearings themselves when subjected 
to excessive forestay tension. Ball bearings of the type 
used in the prior art for furler drums and wheels are most 
failure prone in tension mode, and Code Zero furlers are 
subject to tension forces far in excess of the other prior 
art furlers, due to the large sail area of Code Zero sails, 
and also due to the tendency of racing skippers to try to 
get the headsail luffs as tight as possible, thereby en- 
hancing the aerodynamic characteristics of these sails. 
The use of the stop in the ball bearing mechanism pro- 
vides a safety margin, so that when the furler is over- 
stressed the bearings will not fail, but will simply stop 
turning. If the bearings lock up in this way, and the sail 
needs to turn, as when coming about, the halyard need 
only be slackened momentarily to permit the turn, and 

can then be tightened down again. 
Summary of Invention 

[0012] | t j S an object of the present invention to provide a head- 
sail with a lightweight, but strong luff-rope assembly with 
high torsional rigidity that will withstand the high tensile 
forces inherent for use in Code-Zero furling systems. It is 



a further object of this invention to provide such a head- 
sail in which the luff rope is sufficiently flexible that the 
sail may be rolled up for transporting in a sail bag or sim- 
ilar container. It is a final object of this invention to pro- 
vide a furling drum and swivel attached to the luff-rope, 
which is strong, compact, lightweight, and which contains 
a means from preventing the ball bearing system from 
failing when the luff rope is under heavy tension but the 
bearing is not required to turn. 
[0013] | n accordance with one aspect of the current invention a 
headsail for a sailing boat contains a luff rope fabricated 
from a core of parallel filaments of high-tenacity polyester 
and a tightly braided polyester cover with low crossover 
angle. 

[0014] | n accordance with a second aspect of the current inven- 
tion an upper marine eye is affixed to an upper end of the 
luff rope, and a lower marine eye is affixed to a lower end 
of the luff rope. 

[0015] in accordance with a third aspect of the current invention 
a length of heat shrink or shrink wrap tubing lined with 
holt melt glue is disposed about a shank of each marine 
eye, and is firmly shrunk about both the shank of the cor- 
responding marine eye, and about the luff rope in prox- 



imity to the shank. 

[0016] | n accordance with a fourth aspect of the current invention 
the shank of the marine eye has ridges to better grip the 
tubing. The ridges result from swagg or may be subse- 
quently formed or machined. 

[0017] | n accordance with a fifth aspect of the current invention 
the headsail further contains a rotating drum affixed to 
the lower marine eye. 

[0018] in accordance with a sixth aspect of the current invention 
each marine eye is fabricated from a rod of material com- 
prising aluminum, has a flattened head area with a trans- 
verse hole formed in the head area, and further contains a 
shank, the shank having a coaxial hole formed within, so 
that an end of the luff rope may be inserted into the 
coaxial hole. 

[0019] in accordance with a seventh aspect of the current inven- 
tion the luff rope is attached at each end to a marine eye 
by swaging. 

[0020] in accordance with a eighth aspect of the current inven- 
tion the drum further includes a bearing assembly having 
an upper race, and disposed within the drum body which 
contains a lower race, the bearing assembly suspended 
between a plurality of lower balls disposed between the 



upper race and the lower race, and a single upper ball. 
[0021] | n accordance with an ninth aspect of the current inven- 
tion the drum possesses means for restricting an axial 
excursion of the upper race relative to the lower race, so 
that the lower balls will be prevented from distortion be- 
yond a point of taking on a permanent deformation or 
breaking. 

[0022] | n accordance with a tenth aspect of the current invention 
a stop surface is integrally formed on the bearing assem- 
bly , the stop surface substantially parallel to the upper 
race, and which engages the lower race when sufficient 

tensile stress is applied to the drum. 
Brief Description of Drawings 

[0023] These, and further features of the invention, may be bet- 
ter understood with reference to the accompanying speci- 
fication and drawings depicting the preferred embodi- 
ment, in which:Figure 1 depicts a prior art headsail Code 
Zero furling system. 

[0024] Figure 2 depicts a prior art headsail non-Code Zero furl- 
ing system. 

[0025] Figure 3 depicts a simplified luff eye of the current inven- 
tion. 

[0026] Figure 4 depicts the simplified luff eye attached to the luff 



rope with outer shrink-wrap. 

[0027] Figure 5 depicts the luff rope of the current invention at- 
tached to a headsail, with furling drum in place. 

[0028] Figure 6a depicts a front elevation view of a prior art ma- 
rine eye. 

[0029] Figure 6b depicts a side elevation view of the prior art 
marine eye of Figure 6a. 

[0030] Figure 6c depicts a side elevation view of the prior art ma- 
rine eye of Figure 6a after swaging. 

[0031] Figure 7a depicts a cross-sectional representation of the 
lower luff drum of the current invention. 

[0032] Figure 7b depicts a bottom plan view of the lower luff 
drum of the current invention. 

[0033] Figure 8 depicts a perspective view of the lower luff drum 
of the current invention. 

[0034] Figure 8a depicts a prior art radial bearing. 

[0035] Figure 8b depicts a prior art thrust bearing. 

[0036] Figure 9 depicts a cross section of the luff rope of the 

current invention. 
Detailed Description 

[0037] pf rst Embodiment 

[0038] The first embodiment may be seen by reference to Figure 



5. The luff rope 37 is sewn into the luff of the headsail 1, 
and is terminated at the upper end by an upper eye 4, and 
at the lower end by a lower eye 3. The lower eye is perma- 
nently attached to drum 2 by lower shackle 33, while the 
upper eye 4 is similarly permanently attached to the 
swivel 5 by upper shackle 34. When this sail/furling sys- 
tem is needed, the upper swivel eye 35 is attached to the 
jib halyard by a standard prior-art shackle or (not shown), 
or by a fast-disconnect device such as a snap hook. Simi- 
larly the lower drum eye 36 is connected to the bow plate 
or other fitting on the bow by the same means as the up- 
per swivel eye. 

[0039] The luff rope in this embodiment differs from the prior art 
in that it is a steel cable, while the current embodiment 
uses a rope having a core of parallel filaments of high- 
tenacity polyester and a tightly braided polyester cover. 
Such rope is commercially available from Samson Rope 
Technologies of Fernadale Washington, under the trade 
name "Duravet" and is sold for use primarily in concrete 
soil erosion mats. Figure 9 shows a cross section of this 
rope. The individual filaments 42 are shown in this figure 
in a size exaggerated as compared to the outer cover 40, 
for the sake of clarity. In practice the density of filaments 



is orders of magnitude greater than what is shown in Fig- 
ure 9. The use of Duravet ropes for the purposes de- 
scribed herein does not appear anywhere in the prior art. 

[0040] According to the manufacturer's specifications, a 1/2-inch 
diameter rope of this type has a breaking weight of 
15,000 lbs., but weighs only 9.7 lbs/100 feet. Duravet 
ropes of this diameter and greater are suitable for use in 
the present invention. 

[0041] The specifications for this product are shown in Appendix 
A. 

[0042] The rope is attached to the marine eyes at either end by 
one of several methods. One of the preferred methods is 
to insert the luff rope into a cylindrical recess in the shaft 
of the marine eye, and then swage the shaft, reducing the 
diameter of the cylindrical recess so that the luff rope is 
firmly gripped within the recess, which is a standard 
prior-art technique for connecting marine eyes to steel 
cables. 

[0043] The swaging process may be understood by referring now 
to Figure 6A, B, and C. Figure 6A shows a right or left side 
elevation view of a marine eye, manufactured by Loos & 
Co. of Naples, Florida. The eye itself has an outer diame- 
ter of U, and an inner diameter of D. In the instant inven- 



tion, part nos. EY1-10 through EY1-16, intended for cable 
sizes between 5/16 in. to 1/2 in. are used. The dimension 
U varies from 1.375 in. to 1.875. in. Dimension P, the 
channel in which the cable is inserted before swaging, 
varies from 3.250 in. to 4.750 in. The diameter of the ca- 
ble channel is somewhat larger than the cable to be 
swaged. For a 1/2-in. cable, the cable channel, Dimension 
F, is .531 in. providing an additional .031 in. when the 
channel is inserted. 

[0044] Figure 6B shows a top or bottom plan view of this marine 
eye, which is symmetrical in these dimensions. The di- 
mension of the eye portion itself is seen to be uniform 
across the eye. The outer dimension E of the shaft is 
0.844 for the model intended for the 1/2-in. cable. 

[0045] Figure 6C shows the dimensions of the marine eye after 
swaging has been finished, so that the dimensions of the 
shaft have been compressed by the swaging process. The 
outer shaft dimension, Es, has now been reduced to about 
.750 in., with the cable reliably captured within the chan- 
nel. 

[0046] steel cables are ideal for swaging, because they can be 

easily led into the cable channel due to the stiffness of the 
steel cable. In the present case the luff rope is more diffi- 



cult to lead into the cable channel, since the rope, while 
having superior torsional stiffness, and high tensile 
strength, bends much more easily than steel cable. For 
that reason, in the instant case the cable channel must be 
at least inches greater in diameter than the outer di- 
ameter of the rope. 
[0047] Although corrosion-resistant stainless steel is used for 
standard marine eyes, in the instant invention a non- 
anodized 6061 or 6063 aluminum is used, which is much 
more malleable than stainless steel, and requires much 
less pressure. 

[0048] | n addition to swaging on an aluminum marine eye to 

each end of the luff rope, it has been found that the area 
where the luff rope enters the marine eye is subject to ex- 
cessive wear, as it constitutes a "stress raiser" if the rope 
is allowed to flex or bend at this point, and may be sub- 
ject to various modes of failure, including stretching, 
twisting, and rupture. 

[0049] it has been found that a length of shrink tubing, which is 
shrunk by the application of heat with a heat gun, applied 
with one end of the shrink tubing completely enclosing 
the marine eye shaft, and the other extending up the rope 
for a distance of 10 to 100 rope diameters, effectively 



eliminates the stress-raising effect of the junction be- 
tween the rope and the shaft of the marine eye. 

[0050] Furling Drum 

[0051] | n the present invention the luff rope is attached to the 
upper portion of a drum which is, in turn, attached in 
proximity to the bow of the sailboat. This drum permits 
the luff rope to rotate with respect to the bow. 

[0052] | n p r j or ar t furlers similar to the present furler, the drum 
or wheel has been left attached to the luff rope when the 
sail is struck, so that a separate drum or wheel is required 
for each headsail. A lightweight, compact drum or wheel 
is thus desirable for each Code Zero headsail. 

[0053] prior art drums have suffered from the need for heavy- 
duty bearing assemblies to bear the increased tensile 
forces on the drum inherent in Code Zero systems. The 
problem may be illustrated by referring next to Figure 8a, 
which depicts a prior art radial bearing. The outer ring ball 
race 40 and inner ring ball race 44 are separated by the 
separator 42 which contains the balls themselves. The ap- 
plication of a load 46 can be seen to create a stress be- 
tween the outer ring ball race relative to the inner ring ball 
race, which is borne entirely by the junction between the 
balls 48 and the races, tending to pull the races apart un- 



der high loads, and leading to catastrophic failure. Ac- 
cordingly, this type of radial bearing has been found to 
have a limited load bearing capacity in the direction of the 
thrust load 46, although it does provide a reasonable ca- 
pacity to handle radial loads. 

[0054] The alternative thrust bearing, as shown in Figure 8b, 
does not suffer the same kind of catastrophic failure as 
the radial bearing under thrust loads 56, but it does tend 
to compress the balls between the upper 54 and lower 50 
races, thus causing the bearing to jam, or, in the case that 
the balls are made of a light-weight material such as 
plastic, to fracture. 

[0055] The present invention provides a light-weight lower luff 
drum with a novel bearing system which has a bearing 
stop preventing the balls from being overstressed under 
conditions of extreme thrust loads, as may be expected 
when used in conjunction with Code Zero headsails . 

[0056] Referring now to Figure 7a, the drum contains an upper 

fitting member 301, which attaches at its upper end to the 
bottom of the luff rope, and which attaches at its lower 
end to the drum body 305 by means of three bolts. The 
bearing assembly 303 is disposed within the drum body, 
and is suspended between the lower balls 315, and a the 



upper balls 311. The lower fitting 307 of the bearing as- 
sembly attach to a mating fitting on the bow 30 of the 
sailboat, as shown in Figure 2. 

[0057] it j S c | ear f rom the depiction of Figure 7a that a tensile 
stress on the luff rope will tend to pull the upper fitting 
member away from the lower legs of the bearing assem- 
bly, thus tending to compress the lower balls 315. The 
upper balls 311, are not subjected to any unusual stresses 
in the present application, because the drum assembly is 
not normally subjected to any compressive stress. 

[0058] The tensile stresses on the drum will cause the lower balls 
315 to compress, but this compression is limited by the 
geometry of the drum. The drum body contains a lower 
race surface 313, which lies directly below the bearing 
stop surface 317. The upper race surface 319 is contained 
by the bearing assembly. Under normal operating condi- 
tions, when the balls 315 are not compressed, the bearing 
stop surface will lie above the lower race surface 313, and 
the two surfaces will not be in contact. As the thrust 
stresses increase, however, the balls 315 will compress, 
and the bearing stop surface will approach the lower race 
surface, finally meeting before the compression of the 
lower balls becomes excessive. 



[0059] when the lower balls are uncompressed and perfectly 

spherical, they contact the upper and lower race surfaces 
at a single point only, and the pressures at the contact 
points are very high. The contact area between the lower 
race surface 313, and the bearing stop surface is signifi- 
cantly higher, however, as the area of the surfaces in con- 
tact are orders of magnitude higher than that between the 
lower balls and the two race surfaces, and thus the distor- 
tion between the bearing stop surface and the lower race 
surface will be minimal, compared to that compression of 
the lower balls. As a result, the geometry of the drum as- 
sembly will prevent the lower balls from failing under 
compression under high tensile loads applied by the luff 
rope. 

[0060] As a result, a small, lightweight drum may be fabricated 
out of various materials, including plastics, which will 
withstand the high-tension forces used in Code-Zero 
headsail systems. An outer shell 325 forms a protective 
casing for the drum, with lower assembly 307 protruding 
through the bottom of the shell. 

[0061] Figure 7b depicts a bottom plan view of the drum, show- 
ing how the two flanges of the lower assembly 307 pro- 
trude through the bottom of the shell 325, so that the 



shell cannot rotate relative to the inner race 303 of the 
drum. 

[0062] Referring now to Figure 8, a perspective view of the drum 
shows two of the three windows 323 disposed a 120 de- 
grees from each other around the circumference of the 
outer shell 325. The furling rope used to rotate the upper 
fitting assembly 301 and drum body 305 passes through 
one of the windows and is lead aft, generally to the cock- 
pit of the sailboat. 

[0063] Luff-Rope Eyes 

[0064] The prior art Code-Zero luff wires are fabricated with ma- 
rine eyes at either end, as shown in Figure 5. These ma- 
rine eyes 3, 4 are generally made of stainless steel, and 
are attached by swaging the luff wire to the marine eye. 
The marine eyes are then affixed to the upper swivel and 
lower drum by means of shackles 34, 36. 

[0065] a typical marine eye is shown in Figure 6a, in front eleva- 
tion view. The eye has an enlarged head of dimension U, 
integrally formed on a shaft of diameter E, with an inner 
bore of diameter F, into which the luff rope will be in- 
serted for a length P. Figure 6b depicts a side elevation 
view of the marine eye, showing that the head has a 
somewhat reduced thickness J. 



[0066] After the luff rope is inserted into the inner bore F of the 
shaft, the marine eye is swaged, resulting in a reduced di- 
ameter Es of the shaft, as well as a lengthening of the 
shaft to a length Ls, which is seen to have increased from 
the pre-swaging length L 

[0067] Although this process can be used on the luff rope of the 
present invention, the standard stainless steel marine eye 
is expensive to purchase. Furthermore, the swaging of 
stainless steel manufacture, such as the prior-art marine 
eye, requires expensive machinery to accomplish. 

[0068] it has been found that an effective, low cost eye can be 
fabricated from a commonly used aluminum alloy, which 
requires much lower swaging pressures, as well as gener- 
ally lower machining costs. Furthermore, aluminum is 
one-third the density of stainless steel, so weight aloft is 
reduced. The preferred alloys are 6061 and 6063 non- 
anodized aluminum, as defined by the ASTM 
B308/B308M-02 Standard, as promulgated by ASTM In- 
ternational, 100 Barr Harbor Drive, PO Box C700, West 
Conshohocken, Pennsylvania, a widely-accepted stan- 
dards organization. 

[0069] The aluminum marine eye is shown in Figure 3. The eye is 
fabricated from a bar of either 6061 or 6063 aluminum, 



with a diameter of approximately inches. The bar has 

been machined to provide flat surfaces 18, 19, over a 

length of approximately inches from the end 20 of the 

bar. Coaxial hole 22 has been drilled from the end 20 of 
the eye and extending coaxially through the shank 23 of 
the eye. Attachment hole 21 allows for the attachment of 
the aluminum marine eye to the upper swivel 5 on one 
end of the luff rope, and to the drum 2 on the other end 
of the luff rope. 

[0070] Referring now to Figure 4, one end of the complete luff 
rope assembly is depicted. The luff rope 17, extends into 
the shank 23 of the aluminum marine eye, and area in 
proximity to the end of the shank 15 is enveloped by a 
piece of shrink-wrap tubing which extends onto the shank 
surface over a distance of an inch or more, and a distance 
of several inches over the luff rope to the right of the end 
15 of the shank of the marine eye. 

[0071] The use of this shrink-wrap is vital to the integrity of the 
luff rope, since it drastically lessens the stress-raising ef- 
fect at the junction 15 of the luff rope and the shank end. 
Under normal circumstances, a failure of the luff rope will 
be at the point of such a junction, as the stresses caused 
by both axial and transverse rotations of the rope relative 



to the marine eye will concentrate at the junction. It has 
been found that these stresses can be minimized by the 
use of shrink-wrap tubing, as the shrink-wrap resists 
such axial and transverse rotations. Such shrink-wrap 
tubing is well known in the field of electrical and elec- 
tronic fabrication. A typical shrink-wrap tubing is made 
from a thermoplastic, such as polyolefin, and has a wall 
thickness of between 0.5 mm and 3 mm. For the current 
application, a wall of thickness of between 2 and 3 mm is 
recommended. 

[0072] The shrink-wrap tubing is applied by first sliding the tub- 
ing over the luff rope, then swaging the end of the rope 
onto a marine eye, and then sliding the shrink-wrap tub- 
ing over the shank of the marine eye, so that it covers the 
junction between the shank and the luff rope with an 
overlap of at least an inch on the shank side, and several 
inches on the luff rope side. Heat is then applied to the 
shrink-wrap tubing, so that it shrinks sufficiently so that 
it remains snugly attached at both sides of the junction. 

[0073] while the invention has been described with reference to 
specific embodiments, it will be apparent that improve- 
ments and modifications may be made within the purview 
of the invention without departing from the scope of the 



invention defined in the appended claims. 



